General Disclaimer 


One or more of the Following Statements may affect this Document 


• This document has been reproduced from the best copy furnished by the 
organizational source. It is being released in the interest of making available as 
much information as possible. 


• This document may contain data, which exceeds the sheet parameters. It was 
furnished in this condition by the organizational source and is the best copy 
available. 


• This document may contain tone-on-tone or color graphs, charts and/or pictures, 
which have been reproduced in black and white. 


• This document is paginated as submitted by the original source. 


• Portions of this document are not fully legible due to the historical nature of some 
of the material. However, it is the best reproduction available from the original 
submission. 


Produced by the NASA Center for Aerospace Information (CASI) 



i 


I 


I 

t 


» 


UNIVERSITY OF NEBRASKA - LINCOLN 
Lincoln, Nebraska 68508 


APPLICATIONS OP REMOTE SENSING IN RESOURCE 
MANAGEMENT IN NEBRASKA 


(NASA-CR-145400) APPLICATIONS CP REMOTE 
SENSING IN RESOURCE MANAGEMENT IN NEBRASKA 
Seoianuual Report, 1 Jan. ~ 30 Jun. 1975 
(Nebraska Oniv.) 79 p HC $4.75 CSCL 08H 


N76-10557 


Unclas 

39422 


Semiannual Progresj Report, January 1, 1975-June 30, 1975 


NASA Grant No. 28-004-020 


c?.ioim c-t«Tr.!W 

CJ132 


Principal 


Investigator : 

James V. Drew 
Dean for Graduate Studies 
412 Administration 
University of Nebraska - 
Lincoln, Nebraska 68508 



« 


1 


Project TitJe 

Application of Remote Sensing in Land Use Classification and 
Inventory and in the Delineation of Critical Environmental Areas. 

Investigators 

Dr. Marvin P. Carlson, Assistant Director and Principal 
Geologist, Conservation and Survey Division, UNL. 

Mr. James Barr, Natural Resource Coordinator, State Office 
of Planning and Progr£unming. 

Dr. Paul M. Seevers, Research Agronomist, Conservation and 
Survey Division, UNL. 

Dr. James V. Drew, Dean for Graduate Studies and Professor 
of Agronomy, UNL. 

Purpose 

To test and evaluate ERTS imagery in obtaining Level II land 
use data and in defining and monitoring critical environmental areas 
in conjunction with data derived from underf lights and ground truth. 

Scientific Results Obtained During Reporting Period 

Principle scientific result within this project was the develop- 
ment of a computor-generated graphic display of land use data. The 
level II inventory data for Sarpy County, Nebraska, was placed on 
magnetic tape. This data could then be displayed in a map format 
for comparative analysis of amount and distribution of the various 
categories of land use. The presentation scale can be varied and 
thus utilized as a direct guide for cartographic purposes during 
preparation for publication. 

An additional result of note is the continuing refinement of 
the inventory and classification system. Although designed for Ne- 
braska, the technique and definitions can have regional and national 
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utilization. The forms developed and the machine processing capa- 
bilities have potential for other types of natural resource data. 

Application Results Obtained During Reporting Period 

The initial level II inventory (Lancaster County, 1:62,500) was 
published as a 16-color map. It was very well received by the local 
audience and was awarded an honorable mention in a national map design 
competition. Because of this p’ablication, support has been generated 
from local units for similar land use inventory. The following pro- 
jects are being accomplished in cooperation with both local user and 
governmental agency support. 

1) The level II map of the Lower Platte South Natural Resource 
District is in press. 

2) The Papio Natural Resources District is inventoried and car- 
tography is nearly complete at level li. 

3) All necessary imagery is available, ground truth has been 
collected and 30% of the inventory is completed for the level 
II of the Central Platte Natural Resources District. 

4) The first flight imagery and ground truth are available for 
the Upper Repisblican, Upper Niobrara-White, Lower Niobrara 
and the Lower Platte North Natural Resources Districts. 

All of these inventories are utilizing a basic ten-acre 
grid cell and a 27-category classification (form attached) . 

Numerous local application projects are resulting from the level 
II land use program. For example, the Papio NRD is utilizing the 
imagery and the data format to develop the required Conservation 
Needs Inventory. The Lower Platte South NRD is combining the land 
use data with soils data to determine necessary land treatment. 
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All of the Districts are requesting land use data for inclusion in 
their comprehensive plans. 

Computer manipulation of hist:>jrical land use data is now under- 
way. Data is available for 194.9, 1959, 1965 and 1973 within 17 cate- 
gories. The data is being used locally by planning agencies and as a 
pilot project for regional trends. 

Work Planned for Next Reporting Period 

The progress of the level II mapping will continue. As the data 
becomes available, both in raw data form and map formats, additional 
application will be explored with the user-audience. As products be- 
come available for pilot areas, a greater awareness of the potential 
of remote sensing is created. It is anticipated that both more spee.i- 
fic utilization of large-scale imagery will occur as v^ell as delinea- 
tion of regional and statewide patterns. The importance of these pat- 
terns, whether caused by land use or natural conditions will continue 
to be assessed. 
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1, PROJECT TITLE 

Application of Remote Sensing to an Inventory of Irrigated Land In Nebraska 

2. NAME OF INVESTIGATOR 

Donald M, Edwards, Ph.D. , Project Leader, Associate Dean, College of 
Engineer', and Technology, University of Nebraska, Lincoln, NE 68588 

Richard 0. Hoffman, Ph.D,, Co-Project Leader, Associate Professor, 
Department of Industrial and Management Systems Engineering, University 
of Nebraska, Lincoln., NE 68588 

3, PURPOSE OF INVESTIGATION 

To evaluate use o£ aircraft and satellite imagery in detecting and 

estimating the acreage of irrigated land in Nebraska.' 

4 . SCIENTIFIC RESULTS OBTAINED DURlNtt JUNE 1974 AtTD DECEMBER 1974 . 

a. The Phelps County crop inventory map has been printed and distributed 
to over 400 potential users and agrlcultural-oriented agencies. 

b. The Dawson County crop inventory map has been printed and distributed 
to over 400 potential users and agrlcultural-oriented agencies. 

c. The location of 6,676 center pivot irrigation systems for all 93 
Nebraska counties has been mapped at a scale of 1:250,000 tising 1972, 
1973 end 1974 ERTS-1 imagery. 

d. An 85s X 11 map of the 6,676 center pivot irrigation systems has been 
prepared and distributed to appropriate agricultural and water resource 
agencies and interested persons 

e. A list of the number of center pivots in each county for each year, 
1972, 1973, and 1974, has been compiled (Table 1) and distributed. 

f. An estimate of land Irrigated by the center pivot irrigation systems 
has been calculated and distributed (Table 1). 

W ■ 

g. The number of acres irrigated in Nebraska in 1973 has been estimated 
at 5.1 million, using LANDSAT imagery. 
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h. Due to the difficulty and cost of obtaining Irrigated acreage 
estimates » the above estimates are becoming the standard. 

5, APPLICATION OF RESULTS OBTAINED 

a. Direct Applications Already Achieved 

In the area of fuel allocation, the remote sensing data from the 
Irrigation Project is being used to assist in fuel allocation decisions. 

Valmont Industries, Inc., Valley, Nebraska, is now building an 
addition to their plant. They nanufacture center pivot sprinkler systems 
The data from the Irrigation Project assisted in the deiclslon for the 
size and design of the plant addition. 

Valmont Industries has used over $6,000 worth of LANDSAT images 
to assist in determining the location of a new industrial plant. 

b. Potential Applications to Local Programs 

The Nebraska Unicameral, in 1974, passed an environmental 
critical area bill. Already, one Natural Resource District has requested 
action, under this law. The data from LANDSAT imagery and the irrigation 
project will assist in meeting the requirements of the law. 

The University of Nebraska Board of Regents sponsors a continuous 
program called the Irrigation Development Program. Members of this pro- 
gram have used the raw data from the Irrigation Project as a basis for 
selecting projects and recommendations for action. 

Tile Nebraska Unicameral is currently discussing a water usage 
and well drilling bill. It probably will not come out of committee this 
year because of the lack of data available on irrigation and a lack of 
understanding of the effecc of the bill on irrigation. Next year the 
irrigation project will be complete and the data will assist in the 
writing of the Water Usage Bill. 
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c. Potential Application to Federal Programs 

If the federal land use bill passes, the states will have a large 
responsibility In Implementing It. Tne Irrigation Project will provide 
data so that decisions are based on quantitative Information rather than 
qualitative. 

6, WORK PLANNED FOR THE NEXT REPORTING PERIOD 

The research work on the Irrigation Project and the Center Pivot 
Irrigation Project will be completed during FY 1976. A program of updating 
the maps will be continued. 

Irrigation Project 

Last year work on the Irrigation Project of Identifying land by 
other than center pivot systems included the successful development and 
refinement of the procedures for Identifying surface irrigated land. 

These procedures Included the use of more sophisticated electronic equip'" 
ment and photographic procedures. The FY 1976 will Include completing an 
Inventory of the irrigated land In the 93 counties and the publication of 
a Nebraska state ma,p which shows all the surface Irrigated land in 1972, 
1973, 1974 and 1975. 

It is planned that the Surface Irrigation Project will be completed 
during the FY 1976, with the final publication of an irrigation map and 
appropriate reports to the interested state agencies. 

Center Pivot Irrigation Project ; 

From the ground truth and the ERTS-1 Imagery gathered during the 
summer of 1973, it has been shown* that center pivot Irrigation systems can 

be identified, and the growth rate calculated. This has been accomplished 

■\ 

for all 93 Nebraska counties for 1972, 1973, and 1974. During FY 1976 it 
Is planned to update this with the 1975 imagery information. This will 


Increase the accuracy of the map and give a four-year comparison for 
growth* A Nebraska state map showing the lo'^ition of land irrigated by 
center pivot systems* the amount of land Irrigated, and the growth rate 
of center pivots will be published this year. This information has been 
requested by the Nebraska State Natural Resource Commission, the Nebraska 
State Office of Planning and Programming, several Natural Resource dis- 
tricts, and the Nebraska Irrigation Program, and several electrical power* 


districts. 
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Project Title 

Application of Remote Sensing Technology to Accelerate Data 
Utilization and Graphic Product Distribution for the User Audience. 

Investigators 

Dr. Rex M. Peterson, Remote Sensing Coordinator, Conservation 
and Survey Division, UNL. 

Dr. Paul M. Seevers, Research Agronomist, Conservation and ' 
Survey Division, UNL. 

Mr. Duane Eversoll, Geologist, Conservation and Survey Division, 
UNL. 

Mr. Donald Buckwalter, Remote Sensing Analyst, Conservation 
and Survey Division, UNL. 

Purpose of Investigation 

To centralize the expertise, equipment and documentation becom- 
ing available through remote sensing investigations. This Remote 
Sensing Center will interface the research, academic, and manage- 
ment agencies and will also serve as a data source for the general 
public. 

Scientific Results Obtained During Reporting Period 

. Principal scientific results include the development of the 
polygon method for deriving geologic information form images, a wet- 
land inventory of Nebraska, a cooperative project with the U. S. 
Geological Survey, and new techniques in microscopic examination 
of Landsat imagery. 

The polygon method for deriving structural geologic data from 
Landsat and other images is described in Appendix A. Significant 
features of this development are: (1) it facilitates the location 

of geologic lineaments and, for the first time, permits ranking the 
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lineaments in iroportance; (2) the technique can be used at differ- 
ent scaJ;es with various types of imagery; (3) it is fast and rela- 
tively simple. This means that interpretation of images is much 
quicker and more precise. 

The wetland inventory of Nebraska, done in cooperation with 
the Nebraska Game and Parks Commission, was completed on schedule 
at the end of the one-year contract. This project showed that Land- 
sat could, be used to inventory wetlands at a scale of 1;250,000 and 
to categorize the wetlands as open water, marsh, seasonally flooded, 
or subirrxgated, 

A cooperative project with the U.S. Geological Survey tested 
the utility of Skylab imagery for the identification of soil-vegeta- 
tion-geomorphic units in the one by two degree Fremont , Nebraska 
Quadrangle. Part of this project involved correlation of features 
seen on Skylab imagery with features visible on Landsat imagery. The 
close agreement of polygons and lineaments on the different types of 
imagery is considered especially significant. 

A w£Id-Heerbrugg Swiss microscope has been added to the equip- 
ment in the Remote Sensing Center. As far as we know, this is the 
first use of this type of microscope for viewing Landsat imagery. 

With the light and dark-field illumination, double iris adjustment 
of light,, color filters and polarization, light can be controlled 
so as to maximize the detail in Landsat images. Experimentation 
shows that more detail can be seen with this optical system than 
with" systems such as the Spectral Data additive color viewer or the 
Bausch and Lomb Zoom Transfer Scope. By using the camera lucida at- 
tachment on the scope, images can be superposed on maps for fairly 
detailed mapping. 
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Application Results Obtained During Reporting Period 

The service function of the Remote Sensing Center has continued 
to increase in response to individual and group requests for informa- 
tion, imagery, presentations, and interpretations. Typical projects 
utilizing the Center and its staff are as follows : 

(1) An interdisciplinary classroom course in remote sensing 
was taught during the spring, 1975 semester. Forty students took the 
course for credit in engineering, geology, or geography. Twenty of 
the students were employed full time in various state and federal 
agencies. In addition to the formal course, numerous students have 
received assistance on theses or class projects tkat involved remote 
sensing^ 

• (2) Several workshops have been conducted for units within the 

University and for state agencies. In addition numerous classes and 
other groups have been given tours and briefings in the Remote Sens- 
ing Center. 

(3) Several remote sensing displays have been on exhibit, such 
as one at the University of Kansas symposium on remote sensing for 
geology, a display at the Nebraska Rock and Gem Show, a permanent dis- 
play in the head offices of the CENGAS Corp. , and coverage on a local 
television station. 

(4) In cooperation with the CENGAS Corp. , the Remote Sensing 
Center has been involved in the first inventory of heat loss from 
buildings by airborne thermal scanner. Sixteen inch by 20" prints 
(6X enlargements of the original 70 mm. imagery) v^ere produced in 
the Center, at cost, for CENGAS. Pour-hundred of these prints were 
needed to cover the City of Lincoln and another 400 were required to 
cover Beatrice, Norfolk, Columbus, and Sioux Falls. Over 17,000 gas 
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customers have visited the CENGAS offices to view these prints to 
see if their homes were losing excessive heat last winter. Detailed 
studies of each of the 50 public school buildings in Lincoln have 
been made by the Center, using electronic density slicing equipment. 
Detail in both color and black and white photos of each building is 
sufficient to compare with blueprints to ascertain where heat is 
being lost in each building. 

(5) Siting studies have been conducted electrical genera- 
ting plants under consideration by the Nebraska Public Power District 
and the Omaha Public Power District. These are described in more de- 
tail in another section of ‘I’.his report. 

(6) Assistance has been given to tax appraisers. Ms. Dee Meek, 
a Senior Appraiser for the Nebraska Department of Revenue, developed 
a method for equalization of land valuations across county lines with 
the use of high altitude aircraft photography available in the Center. 
Ms. Meek is publishing a paper on the method. 

Mr. Herbert Kollmorgen, a private tax consultant, has been spend- 
ing several days per month in the Center using high altitude aircraft 
imagery to. appraise all of Cass and Lancaster Counties. He estimates 
that he can appraise 10 to 12 times as much land in a day, with greater 
accuracy, than by using conventional methods. 

(7) Comprehensive Planning Advisory Ter'm (CPAT) . Assistance has 
been given, to planners affiliated with the Nebraska State Office of 
Planning and Programming in developing comprehensive developii^ent plans 
for Platte, Antelope, Box Butte, and Sheridan Counties. 

(8) High altitude photography in the Center has been used to 
inventory pits and quarries in Nebraska. Sizes, locations, and acti- 
vity in hundreds of pits and quarries has been quickly and acGurately 


inventoried with photography flown by NASA RB-57's, U-2's, and Ne- 
braska Air Guard RP-4C*s. 

(9) A pilot study ii: being conducted for the basin Electric 
Cooperative to select transmission line routes with Landsat and high 
altitude imagery. The working premise is that Landsat imagery can be 
used for mapping land use, and selecting 15 mile-wide corridors which 
would be imaged by high altitude aerial cameras. Detailed analysis 

of the aerial photography would yield sufficient information for rout- 
ing the power line. This technique could result in a uniform data 
base over the entire length of the transmission line and considerably 
lower costs in selection of routes. 

(10) Sarpy County Pilot Project.' A pilot project is underway 
for Sarpy County (Omaha area) for the establishment of a data bank. 
Included in the data bank are several derivitive soil maps and land 
use maps. These maps have been plotted by computer at various scales. 

Work Planned for the Future 

Plans for the future include the expansion and continuation of 
most projects listed above. The remote sensing course will be offered 
again in the spring semester with an expansion of areas in which aca- 
demic credit can be earned. As people become more aware of remote 
sensing the requirement for workshops , briefings and presentations 
increases, so plans call for an expansion of these activities. There 
are already several requests per week for assistance in locating water 
wells by the fracture-trace method and this activity is expected to 
expand. Research in the location of petroleum deposits will continue 
as will mapping structural lineaments in Nebraska. Plans are being 
formulated to map the flood plans in the state. The cooperative ven- 
ture with CENGAS is expected to continue to expand to an inventory 
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Project Title 

Application of Remote Sensing in the Delineation of Major Tec 
tonic Lineaments. 


Inves tigators 


Dr. Rex M. Peterson, Remote Sensing Coordinator, Conservation 
& Survey Division, UNL. 

Dr. M. P. Carlson, Assistant Director and Principal Geologist, 
ConserV:ation & Survey Division, UNL. 

Mr. David Maroney, Remote Sensing Analyst, Conservation 6 
Survey Division, UNL. 


Purpose 

To test and evaluate ERTS imagery in the delineation of major 
tectonic lineaments within the State of Nebraska and to predict the 
extent ot their economic and environmental significance. 

ScientlfS-it Results Obtained During Reporting Period 

(!) The techniques developed during the last reporting period 
have been refined and extended. Multiple tracings from multispectral 
and multitemporal images are overlain and registered as before. Sig- 
nificant advances have been made in the enhancement of images with a 
combination of fresnel lenses , reducing lenses , Ronchi rulings , and 
colored filters. This new combination of lenses permits an inter- 
preter to map numerous polygons and lineaments and rank the linea- 
ments in importance. The significance of the new lens and filter 
combinations is that they reveal sufficient polygons and lineaments 
to permit geologic interpretation; making interpretations without suf 
ficient detcLil is like trying to assemble a jigsaw puzzle without all 
the pieces. 
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With the new combinations of lenses and filters for viewing multi- 
seasonal, multispectral Landsat imagery, the trained eye can delineate 
sufficient detail to literally fill a landscape with straight and 
curved lines. With the detail now available it would appear that the 
earth is composed of a series of polygons which in turn are subdivided 
into other polygons in a descending hierarchical order which contains 
at least ten sizes of polygons. Straight, cr gently curved lineaments 
extend between the margins of polygons and across polygons in certain 
repetitive ways. It is postulated that strain, from whatever internal 
and external forces that produce the polygons, is localized at the 
borders of polygons. Therefore, the probability of faulting and ex- 
tensive fracturing of rocks should be greatest at the borders of the 
largest polygons and least at the borders of the smallest polygons. 

This relationship makes it possible to associate a lineament with a 
certain size polygon and to assign levels of importance to various 
lineaments. 

Previous work with drawing lineaments on Landsat imagery, or 
other imagery, has shown that numerous lineaments can be located, but 
there has been no way of determining which lineaments are likely to 
represent faults and major fracture zones and which lineaments are 
unimportant. The new capability of ranking lineaments in order of 
importance is a major breakthrough that will have implications over 
a broad range of geologic applications. More detail on the methods 
used to derive geologic information from LANDSAT imagery and the re- 
sults are presented in Appendix A. 

(2) Polygons as complex as those shown in Figure 17 of Appendix 
A were drawn from multiseasonal, multispectral Landsat scenes for the 
one by two degree Fremont, Nebraska Quadrangle, Sky lab photographs 
of the same area were used to draw polygons to compare with those 


from Landsat. Even though different interpreters were involved, the 
pattern of polygons and the lineaments derived from them was the same 

(3) It has been demonstrated that polygons observed on Landsat 
imagery and Sky lab imagery can also be identified on aerial photo- 
graphs of various scales. Furthermore, lineaments derived from poly- 
gons can be recognized from aircraft with altitudes of 10,000 above 
ground level being best for recognition of major lineaments. In .sev- 
eral applications we have started with small-scale Landsat imagery to 
locate major lineaments, then worked up in scale to locate the same 
features on conventional aerial photographs. 

(4) Lineaments derived from polygons visible on Landsat (by the 
technique described in Appendix A) show very good correlation with 
aeromagnetic patterns. Figure 18, Appendix A, shows lineaments de- 
rived from Landsat polygons suposed%\on an aeromagnetic map of south- 
eastern Nebraska (E. R. King and I. Zietz, Geol. Soc. Amer. Bull. v. 
82, no. 8, p, 2187-2208), It can be seen that the lineaments from 
Landsat correspond rather well with abrupt changes in contours and 
with magnetic highs and lows. Arrangements have been made with S. 
Parker Gay, consulting geophysicist and president of the American 
Stero Map Co. , to compare our polygon-derived lineaments with the 
lineaments he interprets from three-dimensional aeromagnetic maps. 

(5) In order to check details on Landsat images, the Nebraska 
Remote Sensing Center has purchased a Swiss Wild-Heerbrugg microscope 
With dark and light field illumination and double iris control of 
light , a surprising amount of detail can be seen on 70 mm. and 9" x 
9" Landsat imagery. With the aid of a camera lucida, a portion of a 
70 mm. Landsat image can be registered on a 1:250,000 topographic map 
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and details from the image can be transferred directly to the map. 

The excellent optics in this microscope and the precise control of 
illumination, plus the camera lucida attachment, permit fairly pre- 
cise location of lineaments on maps. Not only is this a new use of this 
type microscope for viewing imagery, but more importantly, i-! is a 
method for adding detail to geologic lineaments mapped from Landsat 
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Applications Results Obtained During Reporting Period 

A. Direct Applications Already Achieved 

With the new capability of ranking lineaments in order of im- 
portance, it has been possible to achieve direct applications in the 
following two areas . 

(i) Location of sites for drilling water wells. It has been 
known for several years, largely as a result of work done at Pennsyl- 
vania State University by Lattman and Parizek, that in carbonate aqui- 
fers, wells drilled at intersections of fracture traces yielded much 
more water than wells not on intersections , thc< reason being that in 
a tight, carbonate rock formation, such as a limestone, groundwater 
is concentrated along fractures and the intersection of two or more 
fractures yields more water than a single fracture. However, a single 
air photo shows dozens of fracture traces, which vary in importance; 
some may have considerably more water than others. By associating 
fracture traces with different size polygons the fracture traces, i.e., 
lineaments , can be ranked in importance and drilling can be concen- 
trated on the largest fractures. On one fam in southeastern Nebraska 
the three wells located by this new technique were successful, while 
four others located by the landowner were failures. In south-central 
Nebraska where only one out of ten wells is successful, the two wells 
located by this technique yielded approximately 300 gallons per min- 
ute. 

B. Siting Studies for Electrical Generating Plants 

The Nebraska Remote Sensing Center has cooperated with the Ne- 
braska Public Power District and the Omaha Public Power District in 
the evaluation of geologic lineaments within 50 mile radii of pro- 
posed nuclear power plants. The previous state of the art of linea- 
ments was that shown on Figure 1 (Appendix 1) which consisted of 
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mapping numerous lineaments without any ranking. What geologic- 
engineers need for site evaluation is a ranking system for linea- 
ments, so they know which lineaments are likely to represent faults 
and which might represent harmless, small fractures,. Such an evalua- 
tion is shown in Figure 2 (Appendix A) which is part of a 50-mile 
radius map centered on the Decatur, Nebraska proposed nuclear sice. 
Line symbols show lineaments in ranks one through five; lineaments 
of ranks below five were considered unimportant and were eliminated 
from the map. 

This map was used by consulting geologists with the firm of 
Shannon and Wilson in their evaluation of the Decatur site for the 
Nebraska Public Power District (NPPD) , Similar ii^t^ormation was pro- 
vided for NPPD for the Dunning site in central Nebraska and the 
Omaha Public Power District for one of their sites. 

(2) Potential Applications Obtained During Reporting Period 

It is very possible that new deposits of petroleum can be found 
by using lineaments mapped by the Lands at-polygon method. Figure 19 
(Appendix A) shows the location of oil fields in southwestern Ne- 
braska and, northern Kansas in an area of one Landsat scene. The 
major lineaments in the area (as interpreted from sizes of polygons) 
are shown in heavy lines. It can be seen that oil fields (shown by 
X’s) tend to occur at the intersections of major lineaments. Hundreds 
of wells have. been drilled in areas away from the lineament inter- 
sections, but no oil has been found there. Areas blacked-out on 
Figure 19 which appear as highly fractured zones on Landsat imagery, 
also had many dry holes drilled in them; similar areas should be 
given low priority in future searches for oil. The significant 
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feature of this map is the many intersections of lineaments where 
there has been no drilling; therefore, this may represent potential 
oil fields. Some leasing is taking place now on these intersections 
and test drilling will follow. 

It should be emphasized that the lineaments shown in Figure 
19 cannot be mapped directly from Landsat or other images; Figure 
19 is a second generation map derived from polygons similar to those 
shown in Figure 17. However, once the lineaments are mapped and lo- 
cations are known, they can be located on the ground or seen from an 
aircraft. 

(3) Potential Application to Federal Programs 

The polygon method, as outlined in Appendix A, not only shows 
the location of lineaments and ranks lineaments, it shows the loca- 
tion of intensely fractured zones. The location of highly fractured 
zones is of great value in economic geology because many deposits of 
metals and radioactive minerals depend on the plumbing or fracturing 
in rock. Location of fractured zones is of value to engineers seek- 
ing stable sites for dams, tunnels, power plants, bridges, and air- 
fields. Location of highly fractured areas is also a factor in sub- 
sidence from collapse of caverns (which develop on fractures) and in 
the collapse of roofs of underground mines. 

The polygon method can be applied not only to Landsat imagery, 
but to any images of any scale. The resulting data on geologic struc 
ture can be applied to geologic problems over a broad range, includ- 
ing petroleum exploration, ground water, engineering geology, and 
mining geology . 


Work Planned for the Futxire 


Work planned for the future includes the following: 

1» Continue to compare all available ground truth with inter- 
pretations made from Landsat polygons. 

2. Continue to compare polygons and lineaments mapped from 
Landsat imagery with those from other types of imagery. 

3. Map lineaments in the Paradox Basin, Utah, so that S. 

a 

Parker Gay can compare them with his aeromagnetic lineaments. 

4. Map geologic structure in the California Central Valley 
and Coast Fanges for checking by Mr. Ira Becktold, a consulting geo- 
logist in La Habra, California. 

5. Continue to locate water wells to improve the technique. 

6. Assist in the selection of sites for drilling oil wells. 

7. Continue plotting of lineaments of Nebraska so that a map 
can be prepared showing major lineaments, with a rankini"/ of linea- 
ments . 
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PROT.ECT TITLE: 

Application of Remote Sensing in Estimating E>^apotransplration in the 
Platte River Basin. 

INVESTIGATORS: 

Blaine L. Blad> Assistant Professor of Agricultural Meteorology, Depart- 
ment of Horticulture, University of Nebraska. 

PURPOSE OF INVESTIGATION: 

Primary objectives of this study are: (1) to develop and test evapo- 

transpiration (ET) models based on crop temperature and (2) to determine the 
feasibility of using remotely sensed themal imagery to supply data on crop 
temperature for use x-ri.th these models. 

SCIENTIFIC RESULTS DURING REPORTING PERIOD; 

Analysis of the data taken during 1972 and 1973 has been completed and 
is reported in Agricultural Meteorology Progress Report 75-sl, CAttached) 

From these data two articles have been prepared for submission to scientific 
journals for publication (Preprints are enclosed with this report) , 

Analysis has begun of thermal imagery and meteorological data collected 
in 1974 as part of a research grant fishd-gd by the Office of Water Resources 
Research. Methods are being developed t6 account for the atmospheric attenuation 
of thermal radiation in the layer between the surface and the airborne sensor.. 
Crop tenaperature data obtained with a thermal scanner, with IR thermometers 
located near the surface and with, leaf thermocouples have been applied in the 
following resistfance model of latent heat flux (LE) : 

•tLE = Rn + S + C p (Ta-^Tr) 

. ■ ■ r^ 
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Rn is net radiation, S is soil heat flnx, Cp is the specific heat of air, 
p is the density of moist air, Ta is air temperature, is crop temperature and 
r^ is the boundary layer resistance to the diffusion of heat. Estimates of 
LE made with this model will be compared to direct measurements made with 
precision weighing lysimeters. 

The thermal imagery obtained in 1974 is of superior quality to that ob- 
tained in 1972-1973. It is possible to obtain quantitative estimates of crop * 
temperature from this imagery if adjustments are made to account for atmospheric 
attenuation of the thermal radiation and for crop emissivity effects, 

APPLICATIONS RESULTS OBTAINED DURING REPORTING PERIOD? 

The thermal imagery obtained in this study has been used to verify our 
earlier findings which show that alfalfa behaves as a potential evaporator 
and, as such, generally consumes more water than does pasture, corn, and many 
other crops. This Information is needed by Agricultural Engineers an.l ochers 
who are currently devising methods for acheduling irrigations. 

It may, one day, be possible, with Improved satellite technology to 
supply needed data to utilize the methods developed in this study for estimating 
evapotranspiration for large regions. Such estimates will aid in irrigation 
scheduling, and in application of hydrologic models to watershed water balance. 
Tfa'i prediction of floods, for example, by such models depends on knowledge of 
antecedent soil moisture conditions knowledge which can eventually be gained 
through satellite supplied ,iata.. , 

Techniques devel'^ped in this study for ^interpretation of the thermal 
Imagery will be useful in other applications. Techniques for survelllence of 
crop moisture stress conditions can be improved by remote sensing. Knowledge 
of the moisture conditions of crops is vital to the accurate prediction of 
crop yields and these predictions, in turn, are extremely valuable to numerous 

government agencies. 
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As the production of food and fiber and the management of water resources 
becomes increasingly critical, the application of techniques and methods developed 
in this study will likewise become increasingly valuable. Their application to 
local and federal programs will depend on the information desired and the scope 
of the investigation. 

WORK PLANNED FOR NEXT REPORTING PERIOD; 

Analysis of the 1974 Imagery and meteorological data will be continued. 

Techniques for adjusting the thermal imagery data to account for atmospheric 
attenuation and crop araissivity effects will be further refined. Crop 

temperature data will be utilized in the model to estimate ET and these es- ' 

tlmations'>will be compared to ET measured directly by weighing lysiraeters. 

No additional field work is planned aa part of this, study. Efforts over 
the next several months will be directed towards completion of the analysis 

of our data and preparation of a final report for completion By July 1, 19,76. | 
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Project Title 

Application of Remote Sensing In the Determination of Water Quality In 
Nebraska Reservoirs. 

Investigators 

Dr. Gary L. Hergenrader, Associate Professor, School of Life Sciences UN-L. 

Mr. Kelly White, Graduate Assistant, School of Life Sciences, UN-L. 

Purpose of Investigation 

The purpose of this research is to determine the feasibility of detecting 
and quantifying selected water quality parameters In Nebraska reservoirs by 
remote sensing. Specifically to what extent can the parameters chlorophyll, 
suspended solids, Sacchl depth and turbidity be detected and accurately 
measured? If It is possible to accurately determine water quality by remote 
sensing, then the characterization of the trophic state of these reservoirs should 
also be possible. 

Work Accomplished to Date 

Since the last reporting period a Masters thesis entitled "The Remote 
Sensing of Water Quality Parameters of the Salt Valley Reservoirs" has been 
completed by Mr. Kelly White. The detailed findings Included in that thesis 
will not be repeated here. Copies of the thesis are being included as an 
addendum to this report. The major conclusions of the thesis follow: 

1) of the four formats used in the study, a) imagery obtained from paired 35mm 
cameras flown at low altitude in a small airplane; b) multi spectral Imagery 
obtained by flights made by the University of Kansas Remote Sensing Center; 
c) color infrared imagery from the Nebraska Air National Guard; d) imagery 
obtained from Landsat-1 , the University of Kansas' black and white multispectral 
and the Landsat-1 CCT's proved to have the smallest confidence intervals for the 


31 


various parameters. The 3Smm color imagery obtained on low altitude flights 
was a disappointment and not very useful for quantifying the parameters under 
investigation. 

2) Secchi depth, turbidity, and suspended solids are the parameters which can 
be most accurately quantified. These can be determined with an accuracy of 

t 25 % of the mean with the appropriate imagery and with the equations 
developed. 

3) Chlorophyll can be detected and measured but the confidence limits are 
broad. With either the University of Kansas imagery or the Lands at CCT's 
water masses containing 20 ug/l,60yg/l, 125 yg/l, and 250 yg/1 of chlorophyll 
could be distinguished; however, water masses containing 30 yg/1 and 50 ug/1 
of chlorophyll could not. While this precision is sufficient to distinguish 
lakes at opposite ends of the trophic spectrum, it is insufficient to delimit 
lakes relatively close together in their trophic status but which on the basis 
of ground sampling are clearly different. 

4) It would be possible with the models derived to classify Nebraska reservoirs 
into broad classes based upon their differences in Secchi depth, suspended 
solids, and turbidity by the use of remote sensing. 

The correlations derived from the CCT of Landsat-1 were quite strong. 
However, because ground truth was available for only one date, the correlations 
must be viewed with some caution. During this past June, July, and August 
ground truth was collected from Lake McConaughy, a 35,000 acre reservoir in 
western Nebraska coincident with the overflights of Landsat-1. Water samples 
were collected on six different dates and analyzed for Secchi depth, turbidity, 
suspended solids, and chlorophyll in order to provide ground truth data which 
will be used to verify the correlations observed with the use of the CCT. 



Ap plications Results Obtained During Reporting Period 

This work has shown that Secchi depth, suspended solids, and turbidity 
can be measured with reasonable accuracy by remote sensing. Consequently, it 
should be possible to construct water quality maps of Nebraska reservoirs on 
a temporal basis which should be of use to the Nebraska Department of 
Environmental Control, the Nebraska Game and Parks Comnission, the Nebraska 

.ft 

Natural Resources Commission and other state and federal agencies concerned 
with water quality. Seasonal changes in chlorophyll concentrations, which can 
indicate the trophic status, can also be detected and measured by remote means, 
provided a high level of accuracy is not required. 

Work Planned In Next Reporting Period 

The water samples collected in June, July, and August are now being 
analyzed. In addition, the CCT’s from the overflights corresponding to our 
ground truth are being ordered from Goddard. When the tapes are received the 
radiance values from our sampling sites will be rsmpared with ground truth 
to determine the correlations.' The data will be subjected to the same 
statistical treatment given our earlier information. This will allow us to 
determine whether the strong correlations We obtained earlier from the CCT 
were due to chance or whether the CCT's are the best format for use in 
determination of water quality. 


APPENDIX A 


ffiEOEDING PAGE BLANK NOT FILMED 

NEW METHODS OF EXTRACTING STRUCTURAL GEOLOGIC 
INFORMATION FROM LANDSAT IMAGERY 
Rex Peterson 

Remote Sensing Coordinator 

Conservation & Survey Division 

University of Nebraska - Lincoln, NE 68588 

Although this interpretive technique was developed with LANDSAT 
satellite imagery (formerly ERTS) , it works with other images, 
including high-altitude aircraft photos, conventional aerial photos, 
and radar images. The key to the technique is to use many-sided 
polygons as clues to find lineaments and to rank them in importance. 
To delineate sufficient polygons for this technique it is necessary 
to view imagery with combinations of Fresnel lenses , reducing lenses 
Ronchi rulings (diffraction gratings) , magnification, and color 
filters. Recommended combinations are two reducing lenses used 
together, a reducing lens and a Fresnel lens together, a> reducing 
lens and a Ronchi ruling together, and a reducing lens and a reading 
glass together. Gray, blue, and red diazachrome filters should be 
used with all of these lenses. Lenses and filters should be rotated 
every few minutes while examining imagery. A light table to back- 
light images, even prints, is recommended? and a mask should cover 
all light from the table except that passing through the image. It 
is also advisable to darken the room while examining images. Reccqni- 
tior- of polygons on imagery is often a matter of graytone thresholds 
so the intensity of light should be varied. 

The study of lineaments on aerial photos, space images, and 
radar imagery has been handicapped by the I'ack of a means of ranking 
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lineaments in order of importance. Figure 1 shows lineaments 
drawn from several Landsat images of one LAWDSAT frame/ 110 miles 
on a side. Although trends and numbers of lineaments are shown/ 
the information is of little value because there is no way of 
telling/ from the diagram/ which lineaments represent major faults 
and which insignificant joints. 

By contrast/ in Figure 2 lineaments are ranked in order of 
importance and lineaments considered insignificant have been elimi- 
nated from the map. This map/ which was prepared by the author for 
a siting study shows lineaments in a SO mile radius of a proposed 
nuclear generating plant. The map was compiled from LANDSAT images/ 
but an analysis of Skylab imagery/ by techniques described in this 
paper/ gave the same results. After plotting the lineaments by the 
polygon method described in this paper, they were located on small 
scale 'aerial photo mosaics. It was also possible to locate and 
follow them in an aircraft at 10,000 feet. 

t 

The basis for the technique of locating lineaments and ranking 
them is a series of polygons. Although the origins of these polygons 
are unexplained and beyond the scope of this paper, it can be stated 
that the earth appears to be composed of a series of polygons which 
can be used to interpret geologic structure. 

In the polygon hypothesis, advanced in this paper, it is assumed 
that circles (or many-sided polygons) are natural features of the 
earth's crust and that they appear in a heirarchical range of sizes. 
When viewed through reducing lenses, the LANDSAT mosaic of the United 
States shows many circles 400 miles or more in diameter. An excellent 
example is the polygon that includes the Great Basin with the east 
edge of the polygon bounding the Wasatch Front and the west side 
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bounding the Sierra Nevadas. This polygon can be divided into 
several smaller polygons and each of those polygons into smaller 
polygons. The division can be continued using individual LANDSAT 
images and then aerial photographs. 

It is postulated that each polygon can act as a structural 
unit in response to internal and external stresses. Strain appears 
to be localized along the edges of polygons; and the larger the 
polygon, the greater the strain at its edges, strain at the edges 
of polygons results in weaknesses in rock, which may be exhibited 

* 

on the landscape as stream courses, differential erosion, breaks 
in topography, vegetation differences, soil differences, or some 
other tonal anomaly. It is the evidence of strain at the edges of 
polygons, expressed in the landscape, that we call lineaments. It 
is the relationship between the size of a polygon and the lineament 
that bounds it that makes possible a ranking of lineamejits. 

Figure 3 shows a grid with several circles of various sizes. 

If more straight lines, including diagonals, were added, an approxi- 
mation of a circle could be formed by using only straight line 
segments. At small scales the eye generalizes many-sided polygons 
to circles. For example, a laccolithic dome in northeastern Wyoming 
appears as a multi-sided polygon (Figure 4) at a scale of 1:6,000, 
but as a circle at smaller scales. In this paper many-sided polygons 
are generalized to circles in figures and, in some cases, terminology. 

Examination of Figure 3 shows that circles can be drawn in one 
square, four squares, or eight squares. More squares could be added 
to increase the size of circles and the number of circles in the 
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hierarchy. Furthermore, the spacing of circles can be altered so 
that circles overlap while the size of circles remains the same . 

The result may seem to be a very complex arrangement of circles, 
but there is order in the arrangement because the circles are 
arranged in a grid pattern and there is a hierarchy of sizes. The 
same order appears to be present in the circles that fill the earth's 
surface. 

Some rules for interpretation of structure can be illustrated 

with Figure 3, although to avoid a diagram that is too complex the 

full range of sizes and the overlapping of circles encountered in 

the real world is not shown. Lines passing between large circles 

should be considered more important than lines passing between small 

circles. Straight lines (lineaments) may bound circles in any of 

the cardinal directions, as shown in Figure 3. In the real world 
* 

the orthogonal grid can be oriented differently than along cardinal 
directions, but one should always look for an orthoganal grid as an 
aid to interpretation. Lineaments may bisect a circle or transect 
it half way between the center and the outside. Which lineaments 
are major in an area depends on the local geology, but the arrange- 
ment shown in Figure 5 is common. This is a combination of lines 
bounding circles, a bisecting line, and a line passing half way 
between the center and the outside of a circle. In rank the last- 
mentioned line would be least important compared with the other 
types of lines. Where different sizes of polygons are present, 
lineaments bounding the largest polygons are the most important. 
Lineaments that bisect polygons rank next. In many cases the bounding 
polygon is so large that it does not all appear on one image, even 
on LAl'JDSAT, so the lineament that bisects the largest polygon on the 
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frame should be considered dominant. 

The following illustrations depict the application of the 
polygon method. Several illustrations are taken from U.S. Geolo- 
gical Survey Professional Paper 373 to illustrate applications on 
stereopairs that are readily available. When mapping polygons with 
stereopairs, it should be remembered that some polygons are mor' 
visible on one photo than on its mate , so even though tracing is 
done on only one side of the model, both sides should be examined 
with Fresnel lenses, reducing lenses, etc. besides the stereoscope. 

Figs. 6 & 7 shov/ • faulted, horizontal sedimentary rocks in Utah 
with known faults shown in heavy lines. Mote the grid-like pattern 
of circles and the method by which faults bisect and bound circles. 

(Pages 156 , -157IUSGS Prof. Paper 373) 

Figure 8 shows known faults in Alaska where a dam is built along 
a fault. Note the two concentric circles truncated by the fault. 

The fault followed by the stream below the dam bounds circles and 
bisects a large circle whose right edge extends through the center 
of the photo. (From page '^19/ OSGS Prof, Paper 373) 

Figures 9 and 10 were drawn from high altitude aircraft images 
published by Johnson, Miller, and England (Application of Remote 
Sensing to Structural Interpretations in the Southern Appalachians) 
in the USGS Journal of Research for May- June, 1975. Circles drawn 
from their aerial photoa show the Canebrake fault (Figure 9) bisecting 
several circles of various sizes and bounding a large circle. The 
Canebrake fault has been traced for about 20 miles in southwestern 
Virginia and southern West Virginia. Figure 10 shows the Coeburn 
fault which has also been traced on the ground (for almost 24 kilometers) 
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in Virginia. In this case the lineament bisects several concentric 
circles and bounds several smaller circles. 

Figure 11 shows the Wasatch Front, Great Salt Lake, and Utah 
Lake in heavy lines. This tracing is from LANDSAT prints at 
1:1,000,000 scale. The east edge of the Great Basin polygon, visible 
on the LANDSAT mosaic of the western United States, extends along 
the Wasatch Front. Local deviations in the Front follow smaller 
circles and bisect circles. Faults controlling local geology are 
related to polygons visible on this frame. Polygons shown here are 
only a few of the many visible on LANDSAT images of this area. 

Fi 9 >,‘.'e 12 was drawn from the LANDSAT mosaic of California, The 

San Andreas fault is shown by a heavy line which bisects several 

circleii. Very small circles shown along part of the fault occur on 

entire length but are shown here in only one portion. These small 

circles are most abundant along the fault and decrease rapidly away 

from the fault. Since they are visible along many faults, they can 
be used to delineate unkno.vm faults with the preparation of polygon 

diagrams. (Fig. 12 was printed in reverse by mistake.) 

Figure 13 (from page 154 of USGS Prof. Paper 373) illustrates 
a ring dike in New Hampshire. The ring dike is shown in heavy lines, 
although there is nothing strikingly perculiar in the pattern of 
circles to distinguish the ring dike from many other circles in the 
area. Note that the landscape is covered with circles of vari.oiis 
sizes, which is a common pattern. 

Figure 14 is a, tracing from the LANDSAT mofeaic of the Meteor 
Crater area in Arizona. Note the Circles of various sizeit the 
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grid-like arrangement of the circles, which is again the common 
pattern. The black dot near the center of the figure is Meteor 
Crater. Some small circles have been delineated in that area for 
size comparison, but these circles appear throughout the area. There 
does not appear to be anything distinctive in the basic, overall 
circular geometry of this area. The impact crater appears as a 
superficial addition to the landscape, which does not alter the basic 
geometry of circular patterns. Glacial landforms and eolian features 
have similar relationships to basic circular geometry; they form 
a superficial covering that does «ot change, or really obscure the 
basic circular geometry. 

Figure 15 illustrates some of the circles visible on a stereo- 
pair of an area in Alaska. Note the typical grid- like arrangement 
of circles. A small area of patterned ground, common in floodplains 

4 

in the area, is shown as a concentration of polygons which are dif- 
ferent in size, shape, and pattern from the basic circular features. 

Figure 16 illustrates lines drawn on a 1:1,000,000 scale LANDSAT 
image of Nebraska with the aid of lenses and filters previously de- 
scribed. This figure depicts one stage in the compilation of several 
overlays of the same area. 

Figure 17 is the same area as Figure 16 but more overlays have 
been added. For interpretation the overlays are projected onto a 
map at 1:250,000 scale and lines are plotted on the map. A reducing 
lens is helpful in sorting out the main patterns in this diagram. 

I 

Figure 18 is an aeroraagnetic map of southwestern Nebraska (see 
E. R. King and I. Zietz, Geol. Soc. Amer. Bull. v. 82, no, 8, p. 2187- 
2208) . The heavy lines added to the map represent major line6iments 
interpreted from diagrams (similar to Figure 17) derived from LANDSAT 
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ima/?ery. The correcpondenco of lineamenfcc derived from LANDSAT 
by the polygon method with aeromagnetic patterns is rather striking. 

Figure 19 is a map of an oil-producing area in southwestern 
Nebraska and adjacent parts of Kansas. The area shown is one LANDSAT 
frame, 110 miles on a side. Hundreds of oil wells have been drilled 
in this area, so it is possible to compare location of producing 
wells with structures interpreted from LANDSAT. The heavy lines 
represent major lineaments, bounded by the largest polygons on the 
LANDSAT frame. Existing oil fields , indicated by X's, tend to lie 
at intersections of major lineaments or along the lineaments. Many 
dozens of wells drilled away from the intersections were dry holes. 
Areas that are blanked out on the map are distinct on LANDSAT. 
Extensive drilling in these areas yielded no oil, so such areas, 
recognizible on LANDSAT, could be given low priority in searches 
for new oil fields. The map shows a number of intersections, similar 
to those that are oil-bearing, where, there has been no drilling. On 
the author's advice leasing and drilling will soon take place on one 
of these. It should be noted that the lineaments shown on this map 
were not mapped previously by other means; they are derived from 
LANDSAT by the polygon method. As a check on the lineaments, a struc- 
tural contour map, prepared from subsurface data in Red Willow County, 
Nebraska, was compared with the LANDSAT lineaments. Three LANDSAT 
lineaments that separated oil fields lined up very well with the Vs 
in structural contour lows. 

SUMMARY, — The polygon method for interpreting images of various 
types is based on a hierarchical order of polygons. These polygons, 
usually generalized to circles, range in size from hundreds of miles 
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across to tens of yards across. Each polygon can be considered 
as a semi-autonomous block in the earth's crust. Strain is maximized 
ab the borders of each block. The larger the block f the greater 
the liklihood of strain and rupture at its edges. Large polygons, 
such as the Great Basin polygon, are bounded by major faults. By 
associating lineaments and polygons, lineaments can be ranked in 
importance. The assocation of polygons and lineaments also facili- 
tatefi the mapping of lineaments, where they are not visible, because 
polygons can often be mapped more jeadily than lineaments. For inter- 
pretation by the polygon method it is necessary to first map polygons 
with a combination of colored filters and Fresnel lenses, reducing 
lenses, Ronchi rulings, and magnification. Interpreta-tion of 
multiple oves;lays of LANDSAT images can be complex, but no more 
complex than many other techniques used by geoscientists. 
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Photo 1 . . . farmland southwest of Grand Photo 2 . . . contrast between irrigated and non- Photo 3 . . . effects of the low water level in the 
Island. irrigated land Platte. 



By Dr. PAUL SEEVERS 
Department of Agronomy 
University of Nebraska 

L ast summer’s drouth 
gave researchers an oppor- 
tunity to accurately inventory 
irrigated land in Nebraska. 

Pictures taken by the Earth 
Resources Technolog>* Satellite 
(ERTS) differentiate irrigated 
from non-irrigated land by 
shades of grey. The dark tones 
• of irrigated lands are prominent 
because lack of moisture in 
non-irrigated areas resulted In 
little or no plant growth. 

Photo 1 shows an area south- 
west of Grand Island where 
there is a mixture of gravity and 
center pivot irrigation along 
with non-irrigated farming. For 
most fields it’s fairly apparent 
which are irrigated and which 
aren’t. 


Irrigation inventory taken by satellite 


Photo 2 is an area just west 
of Grand Island. The Platte 
valley is almost solid irrigation 
where the uplands are almost 
all non-irrigated. 

Photo 3 shows Grand Island 
and the Ordnance Depot. Note 
that the river channels of the 
Platte River are less dark in 
tone, indicating less than ade- 
quate water for the grasses in 
that area because of the drop in 
water table during high water 
use. 

The greater contrast between 
iirigated and non-irrigated 
farms shown in 1974 enabled in- 
vestigators to identify irrigated 
land with greater accuracy 
than in non-drouth years. The 
geometric form of the center pi- 
vots became more noticeable, 
especially where corners 
weren’t watered. Boundaries 
between irrigated and non -irri- 


gated fields were more obvious 
also. 

A comparison was made be- 
tween visual interpretation of 
satellite pictures for irrigated 
fields and Soil Conservation 
Service listing of irrigated fields 
for a portion of the Blue River 
Basin. Interpretation error was 
less than 2%. 

This inventory reflects both 
the water consumption and en- 
ergy requirements for the area. 
It used to take years to get a 
similar inventory, resulting in 
inaccurate figures because of 
rapid irrigation expansion, a 


Nebraska Farmer 
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NV Gets $200^000 GrapJ Retieical ' . > ' 

Selellites Aid Besoiiree Care 


Remote sensing wth earth 
resources satellites was 
characterked Wednesday as a 

* refined scientific tool that will 
prove Increasingly valuable to 

• Nebresim citizens in Uie manage- 
ment and discovay of natural 
resources. 

Dr. Res M. Peterson, remote 
sensing coordinator for the 
University of Nebraska NU 
Conservation and Survey Divi- 
sion, said remote sensing has 
proved exceptionally valuable 
during the tjiree-year lifetime of 
Landsat-1',. the first such 
satellite, and should be even 
more useful with the recent 
Uuiich of Landsat-2. 

Other speakers at a workshop 


pointed out that remote sensing 
has many direct uses in 
Nebraska, eucli as inventoriug 
center pivot irrigation units, 
forage 'yields, irrigated land, 
land use and wetlaads. 

Other uses include raeasurin,? 
the impact of irrigation on the 
state’s farmland, locating un- 
derground water supplies, In- 
creasing the efficiency of land 
appraisal and equalization of tax 
appraisals across county lines, 
urban planning and management 
of Natural Resources Districts 
(NRDs). 

James B. Swinehart, NU 
research geologist, said remote 
sensing imagery is being used to 
identify fracture traces. These,. 


in turn, are proving useful in 
locating high-yield water wells in 
Nebraska. 

Dr. Richard 0, Ifoffmeu, of. 
NU's College of Eogiaeerlogaiid 
Techualcgy, said use of remote 
sensing to luvcctory center pivot 
irrigatics systems has disproved 
one common bciief. 

While it has been generally 
assumed that a sizeable number 
of center pivot welts are not 
registeted, he said, remote sen- 
sing has shown tliat almost all in- 
stalled systems have operated 
out of registered wells. 

Dr. James V. Drew, NU dean 
of graduate studies and prindpal 
investigator of the National 


Aeronautics and Space Ad- 
ministration {NASAi remote 
sensing grant, told the workshop 
that NU's grant for remple sen- 
sing has been continued at ?2W,- 
fiOO for Juno 1, 1975 to May 21, 
1977, 
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Photo 1 . . . farmland southwest of Grand 
Island. 



Photo 2. . . contrast between irrigated and non- 
irrigated land. 


< -• . --Ji. .vy v‘ 

{ r • , a 


t 

• «« 


!• ; 


1 


%\ 


, ^ . 

f 


\ 


-^1 * ^ ^ 


Photo 3 . . . effects of the low water level In th€ 
Platte. 



Irrigation inventory taken by satellite 


By Dr. Pi^:UL SEE VERS 
Department of Agronomy 
University of Nebraska 

L ast summer’s drouth 
gave researchers an oppor- 
tunity to accurately inventory 
irrigated land in Nebraska. 

Pictures taken by the Earth 
Resources Technology Satellite 
(ERTS) differentiate irrigated 
from non-irrigated land by 
shades of grey. The dark tones 
of irrigated lands are prominent 
because lack of moisture in 
non-irrigat€Hl areas resulted in 
little or no plant growth. 

F’hoto 1 shows an area south- 
west of Grand Island where 
there is a mixture of gravity and 
center pivot irrigation along 
with non-irrigated farming. For 
most fields it’s fairly apparent 
which are irrigated and which 
aren’t. 


Photo 2 is an area just west 
of Grand Island. The Platte 
valley Is almost solid irrigation 
where the uplands are almost 
all non-irrigated. 

Photo 3 shows Grand Island 
and the Ordnanc*e Depot. Note 
that the river channels of the 
Platte River are less dark in 
tone, indicating less than ade- 
quate water for the grasses in 
that area because of the drop in 
water table during high water 
use. 

The greater contrast between 
irrigated and non-irrigated 
farms shown in 1974 enabled in- 
vestigators to identify irrigated 
land with greater accuracy 
than in non-drouth years. The 
geometric form of the center pi- 
vots became more noticeable, 
especially where corners 
weren’t watered. Boundariw 
between irrigated and non-irri- 


gated fields were more obvious 
also. 

A comparison was made be- 
tween visual interpretation of 
satellite pictures for irrigated 
fields and Soil Conservation 
Service listing of irrigated fields 
for a portion of the Blue River 
Basin. Interpretation error was 
less than 2%. 

This inventory reflects both 
the water consumption and en- 
ergy requirements for the area. 
It used to Uke years to get a 
similar inventory, resulting in 
inaccurate figures because of 
rapid irrigation expansion. • 
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Lofty View Shows Down-to-Earth 

. r. .. .K. I..,..,,. Th* oroi- praisal across cwniy hnfs _ Johnson cfnif r pivul .rri»-'_w« 

Nrtruka earlier operated 


•roaiOMiaato awasau 

Lincoln - Remme sensing 
was described here Wednesday 
as a refined scientific t'«l that 
will prove increasinyty vatu-* 
able tn the manajtemeni of Ne- 
braska’s natural rcviurces and 
in the discovery of new re- 
sources 

Di. Ren M Peterson, remote 
sensing coordinator for the Uni- 
sc'Sity of Nebraska’s Con- 
sers. 'on and Survey Division, 
made u. sssessmeni during a 
workshop a. ''ebraska Center. 

Remote scr -ing. he said, has 
already proved encepiionatly 
valuable over the threc year 
lifetime of Undsai I. the first 


Grant Extended 

. Li^n - The National 
Aeronautics and Space Ad- 
*fnin»sir>i»on (NASA) h3s 
eMendfd a grant to the 
lUiiversity o( Nebraska- 
Lincoln to develop appli- 
cations of remote sensing 
(ram both aircraft and 
spacecraft, it >was an 
nounced here Wednesday. 
The grant extension will 
provide $200,000 from June 
I, )975. to May 21. 1977. ac- 
cording to Dr James V. 
Drew, principal in- 
vestigator of the NASA 
University Affairs grant 
NU dean of graduate 
-vod'es _ 


suppliaa in the future The pi^ 
ect IS scheduled in reach 9j.000 
families in Lincoln. Columbus. 
Beatrice. Norfolk and Sioux 
Falls. S D 

Dr Paul M Seevers. re- 
search agronomist wiih the 
Conservaiion and Survey Divi- 
sion, reported success m a 
three-year projnl aimed at re- 
lating vegetative biomass to 
satellite data 

Forage Yardstick 
This refined scientific 
measuremeni of forage yield 
and density is expected to 
an accurate and speedy method 
of evaluating actual forage in 
the field, he added, and prove 
useful in range management 
decisions by ranchers 
Dr. Leslie F. Sheffield, a^is- 
tani to the vice chancellor of the 
Institute of Agriculture and 
Natural Resources, rev'ealed 
how remote sensing is f^mg 
used for measuring and fore- 
casting ihe economic impact of 
irrigation in Nebraska 
Ms Dee Meek, appraiser to 
the Nebraska Department of 
Bfvenue, taid remote t enti ng 
IS proving to be a great boon in 
the equalization of property ap- 


a 10- year c>cle of updaiing.iax 
values employing different val- 
ues for land on two sides of a 
county boundary even though 
the land was being pul to sim- 
ilar use 

Rapid Inventory 
Now that appraivil values 
miiM he updated annually ac- 
cording to legislative statute, 
remote sensing fills a special 
m-ed by offering rapid and ac- 
curate inventory of land use. 
she said 

This together with other fac- 
tors. Ms Meek said, will per- 
mit an annual review of ap- 
praisal values and equiluatioo 
of tax appraisal across county 

lines ^ 

A research geologist with the 
Cofiiervation and Survey Divi- 
sion reported progress in using 
remote sensing to locate under- 
ground conditions that are con- 
ducive to high-yield water 
wells 

Wetlands Measured 
James B Swinehan sabd ibis 
method of halting i^llxt^ 
-r^eneraied considerable inieresi 
throughout the state. 


A pro|«l comp1*iK«. 
KCOrdinR 10 Kenneth Johnson 
of Ihe Nebraska Came and 
Parks Commission, is an m- 
vemofY of the state's wetlands 
By early June, he said, the proj- 
ect would be in Its draft i^ 
phase with the final result a de- 
tailed map showing all wet- 
lands 

Satellite imagery is being 


used successfuny to invrnuiry 
center pivul irrigation syvtws 
and irrigated land, aecording 

to Dr. Richard O Hoffman nf 
Ihe NU College of Engineering 
and Tcchnoliigy. 

Two NASA nfficiaU from 
Washington. DC., Frank Man- 
sing and Joseph Vitale, attend- 
ed the workshop 
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earth resources tKhnology sat- 
euitt. and should prove more 
useful in the follow-on in- 
vts^tigaiions that will be wtade 
passible by the recent launch of 
Landsai-2 


Coal: Less Waste I 

One of the nore imaginative 
uses of remote sensing was out- I 
lined by Clancy Woiilman. mar- 
ketmg manager for 
involves the use of thermal 
scanning equipment on aenal 
fhghis made in winter to meas- ^ 
Uta rooftop temperatures of 
homes as a check on heal loss 

through the ceilings 

The goal of the project, ho 
IS reduction of waited 
erergy and conservation of fuel 
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DyJAYFUSSKU. 
UtlvrrtUy of KcbriUs* 
lififola 

LINCOLN* “Al ft vrofbhc^p 
htrt rvconlly Dr» Jii'i M» 
Ptler&on cliirfictcrlzed 
atnote c refined 

scientific tool timl Mlllprove 
incrrft singly valuable to the 
dtirens of the :;Utc In Uic 
nunfigement of Nebr^shti's 
ntlurnl re.^arees and in Ow 
divovery nt nev' resources. 

Dr. Pclorson^uho Is rcmole 
sv-nslnc coculinttur for NU*s 
conicrvallon und survey 
division, toM his liesrers at 
ihe NchrasKa Center for 
Contlnuhig ISducatlon that 
remote sensing hes eiresdy 
proved cftccptioniilly 
valiuiblc over the three') ear 
lifetime of Uailsnb), the first 
earth resources technology 
uteUitCi and jhouid be oven 
more useful in the follow-on 
Investigations that >\ilJ be 
made possible by Lhe recent 
launch of Land*uit*2. 

Other spcaXrrs on the one- 
day^ workshop progrWTi un- 
derscored tills contention by 
highlighting applications of 
remote sensing for in- 
venloD’Ing Nebrasku’s center 
pivots, forage yields, 
Irrigated hnd, land use and 
wetlands. Olher reported uses 
of remote sensing included 
the mensurln;^ of the 
economic Unpurt of iirinallon 
on the riale's economy; tne 
locating of grourtdwater 
supplies; increasing the ef- 
ficiency of bnd spprnL'.al and 
the ccjunllr^tlon of isx apt 
pralsol across county lines, 
urbnii plnnnlnrM end the 
manacement ol a Natural 
Resources District (NRD). 

One of the snore 
Iroftctnatlve uses of remote 
sensing with iride practical 
conscftucoccs fur Ncbn<AXuni 
was outlined by Clancy 
Woolman, marketing 
roansger for Cengas. He 
reported an Innox^niive ap- 
proach to energy con- 
scn’allcui U'lng undertaken In 
cooperation with UNL*i 
Remote Sensing Center. ^ 

Thermal Sconnors 

The project, he explained, 
depends on the u.^ of thermal 
scanning c<)ulpmcnt cn aerial 


nights made In winter when It 
U possible to measure rooltop 
tcrnpcnitures of fc&ldeiUbl 
homes and to check on heat 
lf>s< Uirougb the ceilings, Tlic 
project 1$ scheduled to reach 
W,K)0 families In Uncoln, 
Ctlumbus, Beatrice, Norfolk 
nnd In Sioux Falls. S D. 

llib IrdermaUon acjulred by 
remote sesaing Imogen/ In 
February and March vitli 
toon be made available to 
Lincoln eustomi..*!! who will be 
Invited to come In to Cungas 
oflices to check their own 
rooftop temperatures cn large 
IG z 20 ir.di photographs, 

*'To our ItnowUdge," said 
Woolman, -this project Is the 
first of tts kind to be directed 
prlmnrllT to residentja) 
consumrrt.** The goal of the 
project is the reduction of 
wasted roergy ^nd the con- 
servation ef fuel supplies for 
the years ahead. 

Dr, Paul M. Seever#, 
research agronomist with 
UNl/a Conservation and 
Survey Division, reported 
success in a ihrcc-ycar 
project abned at relating 
vegcutlve biomass to 
satellite data, Tills refined 
setentUte measurement of 
forage yield and forage 
density u expected to give an 
accurate and aj>ccdy method 
of evaluating actual forage In 
the flrJd. Ihis (nfonnatlon in 
turn will prove useful In range 
managcciRit decisions by 
Nebraska ranchers. 

Dr. liesllc F. Sheffield, 
assistant to the vice clum- 
cebor of the Institute of 
AgrlcuHcre and Natural 
Resources, explained how 
remote ses^g is being 
for measuring and 
forecusUfli (he economic 
Impact of Irrlgollon In 
Nebraska. 


Bonofits 

The lelfrt etetbtlc »hnw, 
he said, that ihe current 
Impart of Irrlgntlim on the 
total Nebraska economy 
.results in an added value nf 
HW.77 f’cr acre. 

Auothrr way of assefilng 
the brscftclal effect of 
Irrlgatliia ou (he Nebraska 
ecoDumr U to multiply each 
dulUrtdmdded outp.t( at the 
form Inel due to irrlgatloD 


by|7,S5. That U a roncrcte 
way of uodrrstttiiding the 
fBr*rrachlng leoaoniJc 
Impact of IrrlguUuii on ihe 
itutCf he explained. 

Remote sens j.g is proving a 
great boon m the e^ajitiz4iUon 
of proj>crt> appmlsal across 
county boimdine^, reported 
Dee Meek, appraiser to the 
Nebraska Department of 
Revenue. 

Nebraska earlier operated 
on A IG-year cycle of up- 
dalmg tax values, employing 
different appraisal firms. At 
limes (his resulted In dif- 
ferent appraisal values for 
land on two sides of a county 
boundary*, even though the 
land was being put to similar 
use. 

Now that appraisal 
values must be updated 
Bonually according lo 
leglsbillve itatotef remote 
senilflg fills a i|)cclot need 
by offering rapid and ac- 
curate iuveolory of land 
uie. 

Tbli logOher with other 
factors, ^Id Mrs. Meek, ^rlll 
permit an annual review of 
Appraisal values and the 
equaliuition of tax appraisal 
across county boundaries. 
Ihb represents a significant 
step In the right liJrcction, 
sold Mis, Meek, because 
"cquollration Is our goal/* 
James B. Swlnehart» 
research goologlul tvUh NU*s 
conservation and survey 
division, reported progress in 
using remote sensing 
Imagery lo Identify fracture 
traces, which In turn are 
proving useful In locating 
Wfih-yicW wcUs in Nebraska, 
He mentioned that this 
revolutionary method of 
locating Irrigotton wells lias 
generntvd considerable In- 
terest throughout the state, 
producing telct>one cnlhs and 
letters from many Interested 
persons. 

Remote sensing IniBgcry Is 
being used to inventory the 
stale's wetlands ond that 
project Is nearing ccinplcUon, 
according lo Kenneth .lolinion 
of the Nebraska Gome and 
Parks Commission. By early 
June this project will enter 
the draltLig pliosc and .soon 
afterward will be sent to the 
praiter.l’he finished product, 
a detailed mop showing all 
Uio wetlands of Nebraska, 
will then be made ovalliible 


for public dUtrlbutlen- 

Contor Pivots 

Dr, Richard 0. Hofliiiun of 
NU A. College of Kmjimrlng 
and Technology^ reported 
Dial sMellde tmogciy *h*r.s 
been u.ied auccos^fidly to 
Inventory the center* tdvol 
sy.stcrns and Ihc imraud 
land of the sUte, Tl.crc is a 
positive correlation, he 
cnncludrd, bftwton the 
growth of center plvUi m 
varb^us counties and in- 
creased fuel allocat;cns for 
those counties 

Rcglstorod 

*'Eut the blggef.1 surprise so 
for in the countiej wc*ve 
checked/* he said, ‘"is tlwt 
almost all Installed cemer 
pivots inventoried have 
operated out of registered 
wells/* 

It has iH^cn a persistent 
belief Uiat fl sizable number nf 
wells ore not being 
registered, he ^ald, but data 
on center pivots in the stale 
indicate otherwise. 

Dr. James V. Mrew, NU 
dwn of grr/ualc studies os 
Well as principal Inve.sttgator 
of the NASA university , if fairs 
grant, who presided at the 
workshop, Announced Ihnl 
word has been received that 
NASA has extended UJR/i 
gront for remote senstirg to 
provide $200 .(OCr from June )» 
rm, to May 2L 1977. The 
grant Is for dcvelopbg ap- 
plications of remote sensing 
from both aircraft and 
spacecraft In managing 
Ncbraska*s natural resour- 
ces, he said. 

Visitors from Washington, 
D.C., attending the norksbop 
Included Dr. Frank llanslng 
of the Office of University 
Affairs, NASA, and Joseph 
VIUlc, also of NASA. 

Other speakers on the 
w-ork^hop program Included 
Hal Schroedcr, manager of 
Uic l^wcr Platte South NRO; 
William U, Harrison, en- , 
vlronmenlal plonner from 
Dmal^a; Herbert Kolbnurpen, 
Mil science consultant from ♦ 
the I,«ncflstcr County Tax 
^wssor*s Office, and Joseph 
Vitale, chief of the 
Engineering Systems Design 
Branch, Office of University 
Affairs, NASA, 
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Check to Be Offered Free 
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The first 2,800 invitations go University and converted to the 
out Thursday with naturai gas equivalent of neriai photographs 
bills. All Lincolnites will receive /'by the University of Kebraska- 
such invitations in the next two ^IJncoln Remote Senstog Center, 
months, 




By Harold Simmons 
If you’re interested in saving 
ener^ and at the same time 
holding down your monthly bills 
for heating and air conditioning, 
you'll do well to accept an un- 
ique invitation from Cengas. 


Lincoln homeowners, 
businessmeaanti govemmentof- 
ficlats wiU be receiving in- 
vitations Itt the next few weeks 
to vi.ilt the Cengas office at 12th 
and N Sts. and inspect a ther- 
mogram of tiieir buildings. 


The thermograms offer 
owners an opportunity to see a 
photographic picture of their 
buildings such as they’ve 
probably never seen before. 

The pictures were taken for 
Cengas witli infrared film in an 
airplane that photographed all of 
Lincoln, Columbus, Dcatrice, 
Norfolk and Sioux Falls, S.D., 
last winter. 

t 

The photographic images were 
taken by the Remote Sensing 
Institute of South Dakota State 


^Vhat building owners will be 
shown by Cengas officials is an 
image of their buildings that can 
range from nearly coal bbek to 
nearly pure wlilie. 

And die particular degree of 
shading tells cxacUy how well in- 
sulated arc the buildings. 

A home or building that shows 
up as black on the ttenno^rams 
is well insulated with liUlc heat 
loss in winter and a minimum, 
need to air condition in summer. 

One that shows up as near 
white has a high beat loss te 
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winter and a greatcr-than- 
nccessaiy need for operating an 
air conditioner during summer. 

Clancy Woolman, marketing 
manager for Cengas, a division 
of Central Telephone and 
Utilities, said the three major 
points of heat loss in winter and 
heat entry in summer are 
ceilings, walls and windows. 

Ceilings abne can account for 
as much as 40‘1) of heat loss or 
entry, he said, and that is the 
focal point of the thermograms. 

The data developed by Cengas 
does not show a particular 
pattern as to sections of town or 
t>*pcs of buildings with good or 
'poor insulation according to 


V/oolman and CL W. Wilcox, Lin- 
coln division manager. 

The thermosmms show many 
older homos in Lincoln need 
more insuiation. Dut some are 
vvcil insulated. And the same 
bolds true for newer homes' and 
apartment comple.ves and public 
buildings. 

* 

Some buildings show a newer 
addition is well insulated v/hile 
the older part is poorly in- 
sulated. 

Woolman pointed out that 
homeowners are not the only 
ones who c,ni benefit by using 
the Uiermograms, They can also 
be used by bu^essmen and for 


public buildings such as schools,, 
churches and government 
buildings. 

One Lincoln school building 
showed up r.n the thermograms 
as nearly pure while, indicating 
a high winter heat loss that helps 
account for the high beating bills 
paid by the Lincoln School 
District, 

A preliminary survey of the 
thermograms has led insulation 
contractors to estimate that 
perhaps as many a.s '2<1,CC0 of the 
5 t,0>!h Cengas customers in Lin- 
coln may have excessive beat 
loss in their buildings. 

When Cengas customers view 


thermograms of their buildings, 
they will also have an opportuni- 
ty to talk with Cengas officiab 
about different types of insula- 
tion and view displaj-s of insula- 
tion. 

Wilcox said Cengas is par- 
ticularly interested in how many 
Lincolnites visit the Cengas of- 
fice to view the Ihei'mograms, 

Cengas launched the program 
— apparently Uie first of its kind 
in the nation by a private iitiUfy 
— as a means of helping building 
owTiers conserve energy, he said. 

And the project iias attracted 
the attention and interest of the 
Federal Energy Administration, 
U.S. Commerce Dept, and state 
energy officials. 
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Nebraska Irrigating More 

Satellite Notes Changing ■ 

/ 

Pattern in U,S. Land Use . 


The soTinlng of the Nebraska 
countryside by a resources 
satellite I from S65 miles Mgh) 
has dramatically revealed a 
changing pattern in U.S, land use 
tliat could have quite an impact 
on natioRsl energy’ priorities. 

But Dr. Jame.s V. Drew says 
he wants to make sure -that 
federal agencies such as the 
Federal Elncrgy Administration 
are aware “when they’re es- 
tablishing fuel use allocations,” 
that Nebraska appears to have 
“more than 10,000 center-pivot 

V . . , - 7 


Irrigation systems in opoatioo,” 
using perham 55 million more 
gallons of &sel fuel than U'as 
needed in 1912. 

Drew, dean for graduate 
studies on the University of 
Nebraska-Lbnln campus, is the 
principal ictestigator for the 
NASA-funded Remote Sensing 
Center in the Conservation and 
Survey Diviaan. 

10,000 Systems? 

Speaking to the annual 
meeting of the Lincoln Board of 


Realtors, he said that a count of 
center-pivot systems, using 
satellite ca.meras, shows this 
Nebraska growth: 2,700 In use in 
1972, some 4.200 in 1973, and 
about 6,700 during 1974. He 
expects the 1975 count to exceed 
10,000 systems. About a tenth of 
the state’s landscape was 
irrigated last year ~ some five * 
million acres. 

The center-pivot inventory 
was directed by Dean Donald 
Edwards and Dr. Richard Hoff- 
man of the UNL College of 
Engineering, Drew noted. 

Although these figures help to 
explain why Nebraska bad tlie 
greatest Increase of any state in 
irrigated acres between 1969 and 
1S74, Drew says it’s the fuel 
projections which relate to 
irrigation pumps that be wants 
to underline. 

"A center pivot system win 
use 7.200 gallons of diesel fud to '1 
put 15 inches of water on a 1 
quarter section.” c 
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REMOTE SENSING 


Farm, Ranch and Home 

QUARTERLY 

FaU l*7S VoL tt. No. S 

In this issue: 

I Remoic 

• FARMEU NU on air 

S PolSMiMm« MafMRiun is PaiihaadU 
MU 

9 HuiMiit in Nutrition Studies 
II Annual WindbrmA- Save Moisture 

19 Thm Rural f aJU TunnOn 

14 C4>w-Calf fda n a f ement in tlie IfTO's 
aS Ml FeftUlty in th€ SandkilU 
17 Value o# DitMight- Damaged Corn 

20 TW Time of Ymar Ufe 

22 Keeping tlm Gypsy Modi Out of Ne- 
braska 

24 Manure: VaaM^^-Term S^ody 
27 Tbe University Dairy Herd 
On the cover: 

Screen *ma§e from a density slicer, show- 
ing aerial photo of Nehrasiim cropland. 
The density slicer, part of an e le ctro ni c 
image enhanreasent system, is used hy 
remote sensing specialisu of the Conser- 
vcatkin and Survey Division to inventory 
the natural .^sources d the stale. See story 
this page; photo hy Jay Fussell. 

Acting Vice Chancellor for Agriculture 
and Natural Restwrees 
Howard W. Ottoson 
Acting Director, Eaperiment Station 
Robert W. Kleis 

Director, Agricultural Estension Service 
Leo E. Lucas 

Dean, College of Agriculture 
Ted Hartung 

Director, Water Resources 
Research Institute 
Millard W. Hall 

Director, Conservation and Survey 
Vincent H. Dreessen 
Editor 

Mercia S. Pearson 

The Quarterly is polished hy the Institute 
of Agriculture and Natural Resources, 
University of Nebraska, Lincoln, Neb., 
M599, and distributed free to persons in- 
terested in Institute activities that affect 
agriculture, natural resources and family 
life. 

Permission to reproduve material appear- 
ing in this pubtif ition is hereby granted, 
provided acknowledgment Is miMle of the 
source. To simplify the inforasabon in the 
QumrifHy it is som^mes necessary to use 
trade names of products or equipment. No 
endorsement d named products is in- 
tended nor is criticism implied of similar 
products which are not mentioned. 


By Rfx IVUTMm 


Kix PiiiasoN 4fN>tfliiiaioi of Kcinotc 
S«*ti%ing lor ilu* Loiiwrvation ami Survo 
Division. 


Rc*mou* is a inrihtMl of 

gcMiing inf oi Illation from a tfis- 
taiuc*. For remote* sensing of the 
earth's surface, with photographs 
or images, that cfistance can fr: 
several thoiisaiHi feet or hundrcMis 
of miles. 

Aerial ph<;.ographs are not new; 
in fac t, (hiring the Amc*i k an Civil 
War, I'nion fortes sent photo- 
graphers up in tulloons to photo- 
graph Confecieiate |x>sitions. Fhe 
first aerial photos of large areas of 
the Cnited States date ’su k to the 
I930*s when the I’.S. Department 
of Agrk iilture lH*gan a large-scale 
projc*ct of photographing farm- 
iaiiti f n ni airplanes. 

IcKlay's remote sensing differs 
from aerial photography prkn to 
the I950’s in that (I) pic tires are 
taken from mtic h higher altitudc*s 
and thus include more area than 
previously, (2) pk tines are taken 
not only with light visible to the 
human eye hut w ith energv not vis- 
ible to humans, (S) pictures are 
taken muc h more rrc*c|uent!y, (4) 
pk turc*s cost lc*ss since the advent 
of satellites ec|iMppc*d with optkal 
scanning svstems. and (5) pk tures 
now are available of most of the 
earth's surface. 

Although remoteU sensc*d data 
can he in many forms, most of the 
work being done in Nebraska is 
w ith pk tin es. I he Remote Sensing 
Center (part of the (conservation 
and Survey Division of the Insti- 
tute of .Agriculture and Natural 
Resources) has color infrared 
photographs of more than a third 
of Nebraska, some from altitudc*s 
of 40,(MM) and 60,000 iwi. 

The Remote Sensing (k*ner has 
pictures taken by astronauts from 
270 miles on the skviab missions 

(t'.nntiuufil on pfigf ■f) 
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Kriiiolt* S«*ii%iiiK • • • 

(I I |H .III tA.IIII|)lr| I I^IIIC* IH 
.1 mini iiiti.iini |iliiiln l.ikf ‘11 l>\ .1 
Kh-fiT .III pl.llic* llniii (iO.(NNI 
1 lintiH.iiiiU III |iKlllirs .lie* II. Ills- 

illllU*il Imi k III r.ii ill |}\ llu* iiiiiii.iii- 

lU’il I I IS \ I s.ili llilc* 1 1 1^ i). 

I he* 1 WIISN I 1 s.ilelhle* (lilt- 
ine*i l\ ( .ilie il I K 1 S 1 1 u.is l.iiiiii lie*il 

U*.lls .1)411 .Hill IS sllll II .lllslllllllll^ 
iiii.i)*e*s h.ii k III e*.itlli \l.i l.iiliii 
I AShSA I *J. I.iiiiii lie*il III |.iiiii.ii \ 
MCA. Ii.is the* s.iine* I .i|i.iliililic‘s .is 
I \NI>S\I I .Hill IS use'll tniisiK 
till .It e*.is iiiilsicU' llic* I liHe'il Sl.iU's. 
Hoih III llu'sc* s.iic‘llili*s .lie* AliA 
iiiilc s .ilNi\e* the* c*.ii ill in m Inis tli.ii 
i.ike* lhe*iii 11111*1 ll\ ii\e*t the* iimlli 
.Hill siitilli |iiilc‘s. 

I he* I \\|)S\| s.Hc lhie s till iiiii 
i.tkr |ihiilii);i .iplis with lihii in .1 
i.iinti.i. Iiislr.iil. iin.i^t's .iic le*- 
I c‘i\c'il c*lt*i II nine .ill\ in the* t.isliioii 
n| .1 |\ |ilelllle \ inl. Hill); nni till 
nil I he* s|Mi e*i I .lit SI .HIS .1 II .11 k 1 I O 
mile s wuh*. liNikiii); .11 “e e lls** !hMI 
le e t sijii.iie* I he* hi i);hl ne ss nl 
e*.i< h I e ll IS I nii\e i le*il In .1 iinine*l ic 
v.lllie* .mil IS hin.iili.isl Ii\ l.iilin 
he*.im In le*ie*lMll); st.illniis. 

\|>|Hn\iin.ilel\ li milhnii srp.i. 
I.lte* l.iilin si) 4 ii.i|s .lie* 1 e‘i)ini e*il In 
hiiilil nil** I \\I)S\I im.i);e*. hnl 
lli.il nn.i)4e‘ in\e*is Mi.lMIO sijii.iie* 
mile's nl llie* e*.il ill's sin l.ii e* I'.H 1 nl 
.1 I \\1)S\1 im.n;e' nl the* C )iii.ilu 
.11 e*.i IS slinw II III I i);in e* 

Vein.ilU. I \\I>S\I ile*le*els 
Iniii ilitteie'iil \%.i\e*le‘ii);lhs siiniil- 
t.me*ntis|\ ( >ne* is m.iile* n|il\ «* Mil 
gle e'll li);hl. niie* w nil le d li);ht. .Hid 
lun with mil. He’d li);hl. 1 liese* I mil 
\\.i\e*le n);ths pindiue* pii line's ih.it 
I .III he* \ie'Ue*d srp.ii.iIrK .is hl.u k 
.md while* nn i);e‘s, nt ihe*\ e.iii he* 
ininhine'd In m.ike ' 1 nlnl Hll.l);e*s .is 
shnw n in I i)*ni e* I. 

M.im te*.iiiite s nl (In* c’.ii ill's sin - 

l. hi' .ippe.H dittei eiilh in diltei- 
rnl minis, so the* .imninil n( iil- 
Inim.ilinii .ix.ill.lhle* is )*ie*.ill\ lllllh 
liplieel h\ h.iMii); srp.it. He* itn.i);e's 

m. lde* linm dllle'ie-nl 1 nini s nl 
li);hl \tinihe*i .id\ .inl.i);e* nt 
I \\I)S\I im.i);i i\ is le pi time* 
in\ri .i)«e*: e .ii h I.A\1>S\I p.isse s 
n\ri flu* s.ime* s|miI e*\e*l\ |S d.ivs 
Ih’i .iiise* the* Iwn I \\|)S\I s.ile*l- 
llles .It e* in dll te l e iit ni hits |I is pns 
sihle* In nhl.iili lU'W sris nl pii lilies 
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e*\e i\ M il.ixs Ke pe'lllixe* in\e*l.i);e* 
deleils 1 h.iliue-s .iiiel l.ikes .iiU.ill- 
l.l);e* nl ilille*ie’lH .ippe*.il .Hie e*s nl 
die* e*.iilh .11 dille*ie'nl se*.isniis 

\e hi .isk.i's Ke-innie* Se*nsiii); 
( e-nlel h.is .iehie*\e*el ii.illnli.il let- 


i»);nHinn Ini its .ipphi .llinti nl |e 
iiinle* se*nsiii); (Ke*i ihe* p.isi \ 
\e*.ils. die N.ilinii.il \e*l nii.iill le s 
.Hid Sp.iie* Adiiiiiiisi 1 .11 Inn h.is 
snp|NMIe'd die* I ni\e*tsii\ nl \e*- 
hl.isk.l HI .1 wide X.ll ie*l\ nt p|n|et Is 


HI \S|IS\| lllu^^ o| r.i%fri n 
Nrlit.nk.i (III* Missoiiti Kwri mi 
iIm’ null! I<»||tl% llli- oilllilH' <»l 4 111.111 s 
I.MI' ("lltiiiKn ( liii.ili.ir Hitli flu 
ll.iHi- Kivrt It 41 Mil I Inn 




Iil.ivk.i's wc‘ll.iii(U OiM<ir lot lilt* 
(i.iliit* .111(1 l*.itks ( (MiiililsMoil). 
I Ills lll\t‘iilni \ IS toili|ilrlr M.ijis 
sli(»\%iiiK the (lisli iImHioii oI ( |M*n 
u.iin. iii.it slit's, sr.isoii.ilU l1(Mi(lt*(l 
.iit'.is, . 111(1 stiliin i^.ilt'd .itt'.is 


lliioii^lioul the si.iit* .lie lit'iii^ 
|)l('|MIt*(l 

S.ilrllilt* iiii.i^rs (it \t*lii.isk.i 
sliou llioiis.iiids (it (t‘iilt*l |ii\(il II- 
tlK«lll(ili s\slt*llis. Ill t.Kl, .1 l.ipd- 
ill.il k 1(11 lilt* Sk\l.ili .isiKiii.iiils u.is 
lilt* tllislt‘1 (it (t'lilrt |H\(ils 111 lldll 
(!(i(ilil\. Mdlt* lli.ili Ti.liOO tt‘lilt‘1 
|)|\dlS ll.lVt* lM't*ll ((Kllllt'd III .\t’« 
llt.isk.l .111(1 lilt* IIIIMiIm‘1 (iI |II\(I|S 111 
dilintiil tdiiiilits will Im* list'd Idi 
liit'l .ill(M .ilidii 111 (. 1 st* aiidllit'i liit'l 
slid! i.i)t;t* (It'xt'ldps. All iii\t*iildf\ 
dl iiM^.ilt'd l.iiid, wliitli IS iiiiK li 
iiidit* diliitiill tli.iii ((KiiiliiiK 
(t'lilt'i |>i\(ils, IS iiiidt*iw.i\ III .1 
di\ siiiiiiiit'i . silt li .p IM7t, Mil* 
^.iit'd Lind IS (|tiitt* t'.isiK idt'iiiilit'd 
dll iiilt.itt'd iiii.i^t*i\. Id It'si lilt* 
ttmlidd, iii\ t'lildi it*s li.ixt* l>t*t*ii 
tii.idt* Idi IMit*l|)s ,111(1 Dawsdti 
(amniirs. 

Maps slitiWin^ the* inaiii tait*- 
^dlit*s (d land list* in .\t*hiaska 
lia\t* iK't'ii pit'p.iit'd lidin salc'lliit* 
iina^t'iv Ninth nidit* (lt*iadt*d 
maps slidwin^ ddinm.ini land list* 
III t*.i( h lO-.ittt* p.iKt'l df land att* 
in pit paialidii tdi st’xt ial Naiiital 
Kt'Sdiiitt* Disiiitis. lilt* Kt'iiidit* 
St*nsin^ (a*nit*rs land nst* tn.ip ol 
l.aiuasu*i rdiintx w(»n an intt*ina- 
tidiial taiidKiaphit award 

A^KMidinists .li t* (Iditi^ it'st'.iith 
dll l aii^t* nl.ltla^t*nlt*nl and Idia^t* 
dt'iisiix in iht* S.indhills. Tsin^ 
(diiipnit'i d.iia tioni iht* LAND- 
SAI salt llili* lhc*x (.III .!(( iitalt*lx 
dt'it'i mint* i .in^t'l.ind (diidiiidii. 
With sdtiit* impioxt'int'iils. tlitit 
lt'( linKjiit* cdiild ht* list'd as .i t.inv^t* 
ni.in.i^t'int'iit I(miI. 

Oiht'i .ipplit alidiis dl i t'iiidit* 
sensing ait* m iht* flt ld dl ^H*dld>»x. 
In .iit'.is wht'tt* KK k lr.it tint's xirld 
ninth x%,i(t*i. l(Malidiis lot srxt't.il 
^d(»(l xvflls h.ixt* U'cii dt'it'i mint'd 
lidin lni;h .iliiindt* pli(»td^t .iphs. A 
new let hni(|iit* is lN*in^ Itit-d l(» Id- 
tait* siintinit's wl t*it* oil and )^.is 
deposits mi^hl ht* l(M.ilt*d. 

Kt'iiidlt* sensing pioxides .in in- 
t'Xpt iiMxt , limt'lx tnt .ins dl ^t*tlln^ 
inldtmaiidii lot lat^t* .liras In 
.idditidn, (ht* per spit I IX t* pioxidt'd 
lidtn hif;h .iliiiiidt's, iht* im.i);t*s 
i.ikt'ii in waxt'lt'ii^f lis diht*t dun 
xisihlt* li^ht. and (lit* i rprlit ix t* 
phdtds .ill (dnliihnlt* Id .i tddi ih.il 
will proxt* Id Im* iik i t*.isiiiv;lx iiidit* 
nsrlnl. □ 


ldi it'st'.iith .111(1 .Ipplit aiidiis dl 
icnidit* st'iisin^ ( (Nipt'i .iiixt* pid- 
|tt Is h.ixt* Imtii s(ip|Mit lt*d hx dlliri 
a^t'iK It'S Niiidii^ lilt* applit atidiis 
h.is iKt'ii an inxeiildix, hx inraiis 
(d I ANDSAI ima^rix, td \t*- 


l‘i|t I ( .oini 

stMidiurstt*! II 

Sc‘hi.dk.i m.idr Itoin ihirc 
1 ASI>S \ 1 lltl.l||(’^ 
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FARMER NEB on the air 


IVachiiig Kith tc*lc*vmoii is not 
iu*K, tnil a gioiip of c*aMc*rn \>- 
bra^ika loiintv Fxicnnion agctiu 
are iixing television in a new way to 
reach a tariner-raiu her aiulieiue. 

The agents created and pro- 
duced a series of live television 
programs hroadcast in prime time 

Normas I imirir i* C^oijim l.xirtoioii 
AKrtii Cihairiiun of |)oll^la% Clmiiio. 

'FxiriiMon S|>rtialiM« panic ipaiitiK in* 
c Inflect: Paul Chorr (Htt*! Caillr). Hill /ol- 
lintel (l.ivrficHk Drvriopiiieni Dot riel 
SpriialiftiK Alirn Wrilman (NtarkeiiiiKh 
Mike* 1 utnrr (Mai krtiiiK), Phil HenilerMin 
(Karin MaiiaKt*nu*iii). WalK Moliiu* (KoraK«' 
C.ifip%). Alex Mai I in (PeM icicles and V\ee<U|, 
Kcl Pena% (ScnU). RoIm ii Rom’IU* (K nionioF 
f»gv). I)ou)c l>iie\ (Karin MaiiaKenieni 1)1%- 
iricl Spec ialoi), and Itma K.xteioion 
SfiecialiM K.rii»l Peiervni 


By Norman I iN>ket 

last w inter over the Nehi.iska F.dii* 
cational I elevision Network.* 
tUirlv in 197fi the\ will have an- 
other series of programs on the air. 

I he serit^s is (inicpie Inu atise it is 
ati area effort, the hrainchild of 
K.xtension agents in a cluster of 
counties around Omaha. While 
still in its fx^ginning stages, the 
sc*ric*s has provc^l to fx* an ef f k ient 
metlMxl for these agents to reac h a 
large audience on a relativelv li- 
mited hudget. 

('.ailed -Farmer Neh,- the series 
coverect a hroad range of topks of 
interest to farmers, ranc hers, agri- 
husinessmen, and others involved 
in agriculture. 

More than two years ago, the 
agents expressc*d a common con- 
cern afxmt their agricultural c*du- 


cation progiams. 1 he agents had a 
wealth of information to pass 
along to farmeis, hut traditional 
evening F.xtension meetings wctc* 
losing their effectiveness. Often 
they WCTC |MM>rly atteiidcMi. This 
raised the c|uc*stion alNuit justify- 
ing the time spent hv county agents 
and state F.xtension specialists in 
planning the programs and travel- 
ing to mc*eting sitc*s. 

The agents dec idcci to trv televi- 
sion teaching as an alternative. 
I he I’niversity of Nebraska at 
Omaha expressed interc*st in air- 
ing a farm-oriented program over 
KN’NK- rV (Ohannel 2h) and sug- 
ge*sted 8 to 9 on I hursdav e*ve- 
nings during FVhruarv and Marc h. 
The station covers Douglas, and 
parts cd Washington, Dodge, 


KAKMrK NKB lo^o a» m*c*ii on icrcrn. 




THE UNIVERSITY OF NEBRASKA -UNCOLN 
' , UNCOLN. NeBRASKA eaSQO 

OF^CK OF THE OEAN 
FOR ORADUA'iE STUDIES, UN'U 


October 28, 1975 




Honorable Carl T. Curtis 
United States Senate 
Washington, D. C. 20510 “■ 

Dear Senator Curtis: 

Earlier this year I sent to you a copy of the first land use map of 
Lancaster County, Nebraska that was prepared hy the University of 
Nebraska-Lincoln using remote sensing teciiniques. Since then we have 
published a second map for the entire Louer Platte South Natural 
Resources District. I thought you might te interested in looking 
at the enclosed copy of the second map. 

This map is now in use by the Board of Directors of the Lower Platte 
South NED in planning programs related to agriculture and natural 
resources and, specifically, in developing steps to reduce soil 
erosion and water pollution from non-point sources. The land use 
inventory is part of a program supported by NASA Grant KGL 28-004-020^ 
a grant to the University of Nebraska-Lincoln from NASA.'s Office of 
University Affairs to permit -the developnent of applications of remote 
sensing in resource management in Nebraska. 

We appreciate very much your interest in our st\idies of remote sensing. 
Sincerely, 

■•OF 

V. Drew 

Dean 

JVD:Jsw 

cc: Chancellor A. C. Breckenridge 
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Honorable Charles Thone 
1531 Longworth Building 
Washinffton, D.C. 20515 

Dear Congressman Thone: 

Earlier this year I sent tc you a copy of the first land use map of 
Lancaster County, Nebraska that was prepared by the University of 
Nebraska-Line oln using remote sensing techniques. Since then we have 
published a second map for the entire Lower Platte South Natural 
Resources District. I thought you might be interested in looking 
at the enclosed copy of the second map. 

This map is now in use by the Board of Directors of the Lower Platte 
South HHD in planning programs related to agriculture and natural 
resources and, specif icaJ.ly, in developing steps to reduce ‘soil 
erosion and water pollution from non-point sources. The land use 
Inventory is part of a program supported by NASA Grant NGL 28-004-020 
a grant to the University of Nebraska-Lincoln from NASA's Office of 
University Affairs to permit the development of applications of remote 
sensing in resource management in Nebraska. 

We appreciate very much yovur interest in our studies of remote sensing. 


Sincerely, 



James V. Drew 
Dean 


JVD:ml 

cc: Chancellor A. C. Breckenridge 
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Honorable John Y. McCollister 
217 Cannon Building 
Washington, D.C. 20515 

Dear Congressman McCollister: 


Earlier this year I sent to you a copy of the first land use map of 
Lancaster County, Nebraska that was prepared by the University of 
Kebraska-Lincoln using remote sensing techniques. Since then we have 
published a second map for the entire Lower Platte South Natural 
Resources District. I thought you might be interested in looking 
at the enclosed copy of the second map. 

This map is now in use by the Board of Directors of the Lower Platte 
South NRD in planning programs related to agriculture and natural 
resources and, specifically, in developing steps to reduce soil 
erosion and water pollution from non-point sources. The land use 
inventory is part of a program supported by NASA Grant HGL 28-004-020 
a grant to the University of Nebraska-Lincoln from NASA's Office of 
University Affairs to permit the development of applications of remote 
sensing in resource management in Nebraska. 


We appreciate very much your interest in our studies of remote sensing. 
Sincerely, 



Dean 

JVD:inl 


cc: Chancellor A. C. Breckenridge . 
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Honorable Virginia Smitib 
1005 Longworth Building 
Washington, D.C. 20515 

Dear Congresswoman Smith: 


Earlier this year I sent to you a copy of the first land 
use map of Lancaster County, Nebraska that was prepared 
by the University of Nebraska-Lincoln using remote 
sensing techniques. Since then we have published a second 
map for the entire Lower Platte South Natural Resources 
District, I thought you might be interested in looking 
at the enclosed copy of the second map. 


This map is now in use by the Board of Directors of the 
Lower Platte South NBX> in planning programs related to 
agriculture and natviral resources and, specifically, in 
developing steps to reduce soil erosion and water pollution 
from non-point sources . The land use inventory is part 
of a program supported by NASA Grant NGL 28-004-02Q, a 
grant to the University of Nebraska - Lincoln from NASA's 
Office of University Affairs to permit the development of 
applications of remote sensing in resource management 
in Nebraska. 

In addition, I am enclosing land use maps we have prepared 
for Phelps and Dawson Counties, Nebraska, from imagery obtained 
by NASA's Landsat satellite. These maps are of interest 
particularly with respect to the inventory of irrigated land. 
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We appreciate very much your interest in our studies of remote 
sensing. 

Sincerely, 



James V. Drew 

• . Dean cc- Chancellor A.C. 
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